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ABSTRACT 



An optical system for use on produce graders to en- 
hance intensity and uniformity of reflected light di- 
rected onto color detectors. 

9 Claims, 3 Drawing Figures 
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OPTICAL SYSTEM TO OPTIMIZE FIELD OF VIEW 
UNIFORMITY IN A MULTI COLOR PRODUCE 
SORTER 

BACKGROUND OF THE INVENTION 

In the automatic grading of agricultural produce such 
as tomatoes and apples for example, the articles of 
produce are moved in alignment along a conveyor and 



FIG. 1 is a simplified sketch illustrating the present 
invention; 

FIG. 2 is an illustration of the light conducting prop- 
erties of a thin optic fiber; and 

FIG. 3 is an illustration of apparatus constructed in 
accordance with the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENT 
Referring now in detail to the simplified illustration 



past an inspection station where they are automatically 10 of FIG. 1, an article of produce 10, such as an apple or 



graded and then sorted according to some desired char- 
acteristic of the produce. Quite commonly the basis for 
grading is the color of the articles and the grading deci- 
sion is based on the comparison of two or more electri- 
cal signals which are functions of respective color com- 
ponents of light which are reflected from the articles 
onto photoelectric detectors. This general method of 
grading agricultural products is well known and need 
not be further described. 



tomato, is moved along a conveyor 11 and within the 
field of view of detection apparatus 12. Polychromatic 
light from illuminating source 14 is directed onto arti- 
cle 10 and is reflected upwardly to the optical system of 
' 5 this invention. The reflected light passes throu^ objec- 
tive lens 20 which focuses the image of object 10 at or 
near the plane of stop 21 which defines the field of view 
on conveyor 1 1. A field lens 24 focuses the cleat apen- 
turc of the objective lens 20 onto the^d nf a bundle of 



In sorting articles of produce according to color, the 20 thin tiber optic light guides 2^, The clear aperture of 

o bjective lens 20 is the area of the l^p?f ttyrnnph which 



grading classification will include a given range of color 

and intensity variations. The optical system associated fight passes without interference from theJens nmi mtt 

with the photodetectors of the color grader must be i ng. Light propagating through fiber optic bu ndle is 

good enough that the variation in color and intensity of incident on a diffusion plate 28« Light emitting from th e 

light reflected from a single article and transmitted 25 ' back side of diffusion plate 28 passes through a ligh t 

through the optical system is well within the range of pree or guide^O, such as a transiucent plastic rod, and 

variations established for grading the particular pro- is incident_on color filters 32 and M fAore than tw o 

duce. .color filters and ohotod^^^ctors could be used, but in 

In a moving conveyor type of produce grader the this example it will be assumed that only a red anj a 

high speed of movement of the articles through the 30 geen tilter are employed, t he red and green co lor 

field of view of the detectors, the variation in sizes of components of light passing through tilters ~;>,g and 34 

the articles, the vibration and sometimes rolling of the ^^incident on respective photot je^^^^orf^^frrand jh. 

articles on the conveyor all cause the viewing distance each of whi ch resp9nds tn tiy^ inf^ jdent light to pro duce 

and viewing angle to vary as the articles pass through ah electrical signal whose magnitude is a function of 

the field of view. These variable factors have in the past 35 the amount of its respective incident colored light, 

caused significant variations in the color and intensity The color signals produced by photodetectors 36 and 

of light transmitted by the optical system and received 38 are coupled to electronic apparatus 40 which com- 

by the color detectors. The result has been that the pares and otherwise operates on the color signals in 

detectors have produced inconsistent signals, thus accordance with predetermined grading criteria to 

causing the electronic grading equipment to compare 40 assign a grade or claissification to the article 10. Elec- 

color signals which were not truly representative of the tronic apparatus 40 may include means for actuating 

color components of the article being viewed at a given sorting apparatus which physically displaces article 10 

instant of time. to an assigned bin or conveyor in accordance with its 

One type of optical system used in the past to direct grade. Sorting apparatus for accomplishing the physical 

reflected light onto a plurality of spaced color detectors ^5 displacement of articles is well known. Since it does not 

was comprised of an objective lens, a field stop, and a comprise a part of the present invention it will not be 

field lens, wherein the field lens was intended to pre- further described. 

sent equally to two or three spaced apart color detec- The combination of the fiber optic bundle and the 

tors the light from the field of view which enters the diffusion plate has been found to greatly enhance the 

objective lens from objects in the field of view. That is, 50 total transmission of light to the photodetectors and has 
the field lens focused the image of the clear aperture of greatly enhanced the uniformity of the light incident on 

the objective lens onto the detectors. However, if the the spaced color filters as the article 10 moves through 

article being viewed were not exactly in focus at the the field of view. The advantage realized by the use of 

field stop during any part of its travel through the field the fiber optic bundle and the diffusion plate may be 

of view, the possibility existed that not all the detectors 55 better appreciated by first considering how the optical 

would be equally illuminated. Additionally, as the ob- system would function without the fiber optic bundle, 

ject moved across the field of view of the lens system, . Because of practical considerations which will be 

the angle of the light reflected back to the optic system mentioned below, it is necessary to use diffuser plates 

constantly changed so that it was possible that all the that are considerably less than perfect diffusers. One 

detectors did not receive the same amount of light even 60 consequence of this is that if the article on the con- 



if the object were in focus. The nonuniform illumina- 
tion of the detectors gave rise to the generation of 
erroneous color component signals and resulted in 
erroneous grading. j 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in conjunc- 
tion with the accompanying drawings wherein; 



veyor is not in focus at the plane of the field stop, h is 
possible that light passing through the less than perfect 
diffuser will not equally illuminate all of the spaced 
detectors. This produces erroneous output signals from 
65 the photodetectors and results in erroneous grading of 
the produce. Furthermore, when the object 10 is near 
the edges of the field of view, the colored light reflected 
from the object would be incident on the objective lens 
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20 at an angle to the axis of the optic system. This also 
means that the light after passing through the field lens 
would be incident on the diffuser plate 28 at an angle. 
Because practical diffuser plates used in commercial 
applications such as produce graders are not perfect 5 
dififusers and therefore do not produce an ideal spheri- 
cal illumination pattern, the light emitted from the 
diffuser plate still will be at an angle to the optic axis 
and would in all probability not equally illuminate the 
two or more spaced color filters 32 and 34 even if the '0 
article in the field of view were in focus. The angle of 
incidence and angle of exit of the light from the diffuser 
plate 28 would change as the object 10 moved through 
the field of view so that the illumination of the color 
filters would change as the object moved through the 15 
field of view. This of course would cause the respective 
component color signal outputs of the photodetectors 
36 and 38 to change as the object moved through the 
field of view and could result in erroneous grading of 
the article. 20 

Attempts to overcome the above problem by employ- 
ing diffuser plates having greater diffusing ability have 
proved unsuccessful because a diffuser plate which had 
sufficient diffusing ability to produce a more spherical 
diffusion pattern attenuated the transmitted light to 25 
such an extent that the color detectors 36 and 38 did 
not receive enough light for reliable operation. 

The enhanced intensity and uniformity of illumina- 
tion achieved with the arrangement of the present in- 
vention may be appreciated by referring to FIG, 2 30 
which illustrates parallel rays of light incident on the 
end of a single optic fiber at an angle 8 to the axis 
A— A of the fiber. Because of the characteristics of the 
fiber, the light rays will emerge from the opposite end 
as a cone of rays having an apex angle 20. The emerg- 35 
ing light rays are substantially symmetrically distrib- 
uted about the axis A— A of the fiber. Thus, rather than 
the light rays all being parallel and directed in the same 
direction 6 relative to axis A— A, as they were at the 
left side of FIG. 2, they now are distributed throughout 40 
an axial cone of light. This effect will occur in each thin 
fiber of a tightly packed bundle of many fibers and thus 
will more uniformly distribute the emerging light about 
the axis of the bundle, irrespective of the direction 
from which the light rays were incident at the entrance ^5 
end of the bundle. The diffuser plate now is more uni- 
formly illuminated with an axially symmetrical light 
beam and it need not have exceedingly high diffusing 
ability in order to substantially uniformly illuminate the 
color filters. This means that the total light transmitted 50 
through the diffuser plate will be considerably greater. 
With the combined use of the bundle of optic fibers and 
the diffusion plate of this invention, approximately ten 
times the amount of light was transmitted to the color 
detectors as compared to a prior arrangement which 55 
used only a diffuser plate having greater diffusing 
power. 

A practical embodiment of an optical system and 
photodetectors constructed in accordance with this 
invention is illustrated in FIG. 3, The optical compo- ^0 
nents, the photodetectors and some of the electronics 
associated with the produce grader are located, within 
a tube 50 which has a mounting plate 51 secured 
thereto, A lens mount and hood 52 is threaded onto the 
left end of tube 50, and together with an 0-ring 54 and ^5 
spacer tube 56 hold objective lens 20 firmly in position. 
In this embodiment, the field lens is a double lens 24a, 
24b positioned within a mounting ring 58. Field stop 21 



,590 

4 

is secured in mounting ring 58 between field lenses 24^, 
24h. Field stop 21 is a long, narrow rectangular aper- 
ture to provide a field of view on conveyor 1 1 of ap- 
proximately one inch by eleven inches, the longer di- 
mension being in the direction of travel of the con- 
veyor. It is to be understood that a separate field stop 
21 is not essential to the optical system of this inven- 
tion. In some instances the lens themselves may be 
relied upon to define the field of view. 

A jacketed bundle of thin fiber optic light guides 26 
is disposed within an axial aperture of mounting disc 
62, Set screw 63 holds the jacketed bundle of optic 
fibers in place with its entrance end at or near the plane 
where the field lenses image the clear aperture of ob- 
jective l ens 20. The fiber offt'^ t?nn^'^ 14^ was made 
from commercially available fibers which were 0,010 
inch in diameter. The bundle was 0,28 inch in diameter 
with a 0.010 inch thick jacket. The bundle was 0.62 
inch long. Both ends of the bundle were ground flat to 
a grainless finish. The arrangement of the fibers may be 
coherent or noncoherent. 

A short spacer ring 65 separates mounting disc 62 
from the field lens mounting ring 58, 

The axial aperture in mounting disc 62 is enlarged at 
its right side and receives therein clear Plexiglass rod 
30 which serves as a light pipe or guide. One or more 
thin sheets of plastic light diffusing material are secured 
to the left end of rod 30 to provide the diffuser plate 28. 
In practice, several layers of a drawing grade Mylar 
plastic material were used for diffuser plate 28. Any 
suitable light transmitting diffusing material may be 
used. The diameter of plastic rod 30 is greater than the 
diameter of the jacketed fiber optic bundle 26 to assure 
that as much as possible of the light transmitted 
through bundle 26 is received by and transmitted 
through rod 30. 

The right end of light transmitting rod 30 is received 
within an axial aperture in a mounting block 74, The 
right end of the aperture in mounting block 74 is en- 
larged and supports a circular mounting board 76 
which has the photodetectors 36 and 38 mounted 
thereon. Respective color filters 32 and 34 are posi- 
tioned in front of the photodetectors. Filters 32 and 34 
are held in place by means of set screws, as illustrated. 
The color filters and photodetectors are positioned 
substantially symmetrically with respect to the optic 
axis» which is the axis of tube 50. 

A printed circuit board 80 which contains at least 
some of the electronics of the produce grader is se- 
cured to the right side of mounting block 74. Electrical 
connections are provided from photodetectors 32 and 
34 to the printed circuit board. Other electrical leads 
on the right side of printed circuit board 80 are coupled 
to external circuitry through external connector 82 
which is mounted on end cap 86. 

In the described apparatus, light guide 30 is a one- 
half inch clear Plexiglass rod which serves only to trans- 
mil light from the diffuser plate 28 to the color filters 
32 and 34. Its length is not critical but should be at least 
three times the diameter of the fiber optic bundle 26 to 
make the exit end of the bundle look more like a point 
source. 

Objective lens 20 is an asymmetrical double-convex 
lens which is approximately 38mm in diameter and has 
a focal length of approximately 50mm. A suitable lens 
is obtainable from Ealing Optics Corporation, Cam- 
bridge, Massachusetts as stock no. 23-8618. 
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Field lenses 24a and 24^ are identical asymmetrical 
double-convex lenses and are approximately 25mm in 
diameter and have a focal length of approximately 
21mm. Suitable lenses may be obtained from Edmund 
Scientific Company, Harrington, New Jersey under 
stock no. 30542, The surfaces of the lenses having the 
greater curvature are adjacent each other. 

Suitable photodetectors are obtainable from Seimens 
Corporation, Iselin, New Jersey as stock number BPX 
91. 

The spacing between the objective lens 20 and field 
stop 21 is approximately 57mm and the spacing from 
field stop 21 to the left face of fiber optic bundle 26 is 
approximately 1 7mm. The aperture dimensions of stop 
21 were 0.08 x 0.875 inch. In the embodiment illus- 
trated it was intended that the distance from objective 
lens 20 to an article of produce on a conveyor would be 
approximately 26 ± 6 inches. 

In practice, the radiant energy illuminating the arti- 
cles to be graded may be visible light, ultraviolet light, 
or infrared light. In practical applications using the 
apparatus described herein, tungsten lamps and fiuo- 
rescent lamps may be used. In this description and in 
the accompanying claims, the use of the words light 
and color is intended to include radiant energy and 
frequency components thereof within any of the above 
spectra of light. 
It also is to be understood that ihe light received by 



means and said photodetecior means are symmetrically 
positioned relative to the axis of said bundle. 

3. The combination claimed in claim 2 wherein the 
image formed by the field lens onto the first end of said 

5 bundle is the image of the clear aperture of the objec- 
tive lens. 

4. In apparatus for grading an article according to the 
components of color in light received from the article, 
wherein the article is in a field of view of an optical 

10 system, said optical system comprising 

an objective lens for forming at an image plane an 

image of an article in said field of view, 
a field lens at or near said image plane for imaging 

the objective lens at a second plane, 
a fiber optic bundle having first and second ends, said 

first end being located at said second plane, 
diffusing means positioned at the other end of said 
bundle for diffusing light emitted from said bundle, 
a plurality of color filters symmetrically positioned 
relative to light emitted from said diffusing means 
to receive light from said diffusing means and each 
adapted to pass a respective color component of 
light incident thereon, and 
a plurality of photodetectors each positioned to re- 
ceive a color component of light from a respective 
one of said filters. 

5. A color detector for use in a color grader for re- 
ceiving light from an article and for producing a plural- 
ity of electrical signals whose magnitudes are functions 



15 



20 



25 



fleeted from the article. 



It is understood by those skilled in the art that the 
field lens sometimes may be positioned very close to 
the image plane of the objective lens rather than pre- 35 
cisely at the plane. Such common practice may be 
followed in the practice of this invention. 
. While a preferred embodiment of the invention has 
been illustrated and described, it is to be understood 
that alterations and modifications may be made to the 40 
described embodiment without departing from the 
scope of the present invention. 

What is claimed is: 

1. In apparatus for grading articles of agricultural 
produce according to frequency components of radiant 45 
energy received therefrom, the combination compris- 
ing 

objective lens means for focusing at an image plane 
radiant energy received from an object to be 
graded, 

a field stop at or near said image plane for defining a 

field of view that includes an article to be graded, 
a fiber optic bundle having first and second ends, 
field lens means adjacent said stop for forming an 

image onto one end of said fiber optic bundle, 
diffusing means at the second end of said bundle for 

diffusing radiant energy emerging from the other 

end of said fiber optic bundle, 
a plurality of photodetector means positioned to 

receive radiant energy emerging from said diffusing 60 

means, and 

a plurality of color filter means disposed in front of 
said photodetector means for passing to each of 
said photodector means a respective frequency 
component of said radiant energy. 

2, The combination claimed in claim 1 wherein said 
bundle is an axially extending bundle of thin optical 
fiber light guides and said diffusing means, said filter 
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tor comprising 
an elongated tube, 
an objective lens disposed within said tube adjacent 
one end thereof for forming an image at an image 
plane within said tube, 
a field stop within said tube at or near the image 
plane of said objective lens for defining a field of 
view that will include said article, 
a field lens at or near said image plane for forming a 

second image at a second plane, 
a fiber optic bundle within said tube and having first 

and second ends, 
the first end of said bundle being positioned at or 
near said second plane, whereby said second image 
is focused on said first end of the bundle, 
diffuser means located adjacent the other end of the 
bundle to diffuse light emerging from the bundle, 
a plurality of color filters disposed within said tube 
and each adapted to pass a respective color compo- 
nent of light, 

means for directing light from the diffuser means 
onto said plurality of filters, 

a plurality of photodetector means disposed within 
said tube and each positioned to receive filtered 
light from a respective one of the color filters, 

each photodetector producing an electrical signal 
whose magnitude is a function of the respective 
colored light incident thereon, 

circuit board means positioned within said tube adja- 
cent the opposite end thereof, 

said circuit board means having electronic circuit 
components thereon for operating on said electri- 
cal signals from said photodetectors, 

means connecting said photodetectors to circuit 
components on said circuit board means, and 

connector means for providing electrical connection 
from said circuit board means to the exterior of 
said tube. 
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6. The combination claimed in claim 5 wherein said 
diffuser means is in contact with the other end of said 
bundle. 

7. The combination claimed in claim 5 wherein said 
second image formed by the field lens is the image of 
the objective lens. 

8. The combination claimed in claim 5 wherein said 



8 



means for directing light from the diffuser means is a 
light transmitting rod. 

9. The combination claimed in claim 8 wherein said 
light transmitting rod has a diameter at least three times 
that of the fiber optic bundle. 
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